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ADDITIVES AND OIL COMPOSITIONS 

5 This invention relates to improved oil compositions and improved additives 
therefor, in particular to fuel oil compositions having improved low temperature 
flow and especially filterability properties, and to additives enhancing a variety of 
fuel properties and providing operational advantages for fuel manufacturers and 
users. 

10 

Many oil. and particularly fuel oil, compositions suffer from the problem of reduced 
flowability and/or filterability at low temperatures, due to the precipitation of the 
heavier alkanes (and particularly n-alkanes) inherent in such oils. This problem of 
alkane crystallisation at low temperatures is well known in the art. Additive 
15 solutions to this problem have been proposed for many years, in particular, 
copolymers of ethylene and vinyl esters such as vinyl acetate or vinyl propionate 
have been successfully used in commercial applications and are well documented 
in the patent literature. 

20 The problem of poor low temperature filterability has conventionally been 
measured by the Cold Filter Plugging Point ("CFPP") test, which determines the 
ease with which fuel moves under suction through a filter grade representative of 
field equipment. The determination is repeated periodically during steady cooling 
of the fuel sample, the lowest temperature at which the minimum acceptable level 

25 of filterability is still achieved being recorded as the "CFPP" temperature of the 
sample. The details of the CFPP test and cooling regime are specified in the 
European Standard method EN116. The CFPP test is acknowledged as a 
standard bench test for determining fuel performance and, as such, has been 
adopted in many national fuel specifications. Such specifications set a number of 

30 minimum technical requirements for fuels of particular grades, so establishing a 
minimum quality level below which fuels are not considered technically "fit for 
purpose". 
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Ethylene copolymers have typically been used to achieve the desired CFPP 
performance of oils, especially middle distillate fuel oils, to such an extent that the 
use of such copolymers has become a standard refinery practice. 

5 

In recent years, other fuel performance requirements have grovm in importance. 
In particular, the degree of settling of precipitating n-alkane crystals has an 
important influence on the tendency of such crystals to interrupt fuel supply. 
Other additives, known as "Wax Anti-Settling Additives", and typically based on oil 
10 soluble polar nitrogen-containing compounds, have been developed to reduce the 
rate of settling of precipitating n-alkanes and so enhance this aspect of fuel low 
temperature behaviour. Such additives are typically used in conjunction with the 
conventional CFPP enhancing ethylene polymers. 

15 However, such combined usage has led to a further problem, namely that of 
"CFPP Regression". In brief, the addition of a polar nitrogen containing 
compound can, whilst improving the wax anti-settling character of the fuel, 
adversely affect the performance of the CFPP enhancing additive. As a notional 
example, a diesel fuel having a base CFPP (without additive) of -5°C may, upon 

20 addition of an ethylene vinyl acetate copolymer, achieve a CFPP of -1 5°C or even 
lower. Co-addition of a wax anti-settling additive may. whilst giving better 
dispersion of the crystals, worsen the CFPP for example to -10°C. i.e. a 
regression of 5°C. The net result of CFPP regression is that the fuel 
manufacturer may be forced (in order to meet the required minimum CFPP 

25 specification) either to use higher quantities of the ethylene polymer in order to 
offset the regression, or to reduce the amount of wax anti-settling additive and 
sacrifice settling performance accordingly. 

A material has now been found which, when used as a co-additive, reduces or 
30 eliminates this problem of CFPP regression and can even enhance the overall 
CFPP perfomiance of a fuel. Preferred embodiments can also enhance the wax 
anti-settling additive performance, so allowing the fuel manufacturer greater 
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flexibility in meeting the required low temperature aspects of the fuel specification. 
The material can, when formulated within an additive composition or concentrate 
further comprising a polar nitrogen-containing additive, also improve the overall 
physical compatibility of the additive blend and accordingly reduce the need for 
high quantities of polar solvent. 

Recently, the advent of more stringent fuel oil sulphur specifications has led to a 
deterioration in fuel oil lubricity. 

Environmental concerns have led to a need for fuels with reduced sulphur 
content, especially diesel fuel and kerosene. However, the refining processes 
that produce fuels with low sulphur contents also lower the content of other 
components in the fuel that contribute to its lubricity, for example, polycyclic 
aromatlcs and polar compounds. The result, has been an increase in reported 
failures of fuel pumps in diesel engines using low-sulphur fuels, the failure being 
caused by wear in. for example, cam plates, rollers, spindles and drive shafts. 

This problem may be expected to become worse in future because, in order to 
meet stricter requirements on exhaust emissions generally, higher pressure fuel 
pumps and systems, including in-line, rotary and unit injector systems, are being 
introduced, these being expected to have more stringent lubricity requirements 
than present equipment. 

At present, a typical sulphur content in a diesel fuel is about 0.05% by weight In 
Europe maximum sulphur levels are expected to be reduced to 0.035%; in 
Sweden grades of fuel with levels below 0.005% (Class 2) and 0.001% (Class 1) 
are already being introduced. A fuel oil composition with a sulphur level below 
0.05% by weight is referred to as a low sulphur fuel. 

The co-additive material of this invention can also provide enhanced fuel lubricity, 
reducing or eliminating the need for a conventional lubricity additive whilst 
enabling the desired (or specified) fuel lubricity performance to be achieved. 

Other advantages of the invention will become apparent from the following 
description. 
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US Patent No. 4,446,039 discloses compositions useful as additives for fuels and 
lubricants, made by reacting certain aromatic compounds such as substituted 
phenols with aldehyde or the equivalent thereof, non-amino hydrogen, active 
5 hydrogen compounds and hydrocarbon based aliphatic alkylating agents. 

In a first aspect, this invention provides an additive composition obtainable by 
admixture of: 

10 (a) At least one ethylene polymer, 

(b) The product obtainable by the condensation reaction between: 

(i) at least one aldehyde or ketone or reactive equivalent thereof, and 

15 

(ii) at least one compound comprising one or more aromatic moieties 
bearing at least one substituent of the formula -XR^ and at least one 
further substituent -R^, wherein: 

20 - X represents oxygen or sulphur, 

R^ represents hydrogen or moiety bearing at least one 
hydrocarbyl group, and 

25 - R^ represents a hydrocarbyl group and contains less than 18 

carbon atoms when a linear group, and 

(c) At least one oil soluble polar nitrogen compound different from (b) and 
comprising one or more substituents of the formula >NR^^ where R^^ 

30 represents a hydrocarbyl group containing 8-40 carbon atoms, which 

substituent or one or more of which substituents may be in the form of a 
cation derived therefrom. 



BNSDOCID: <WO 9961562A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 99/61562 



PCT/EP99/03306 



-5- 

In a second aspect, the invention provides an additive concentrate comprising 
either the additive composition of the first aspect, or (a), (b) and (c) as defined in 
the first aspect, in admixture with a compatible solvent therefore. 

5 

In a third aspect, the invention provides a fuel oil composition comprising fuel oil 
and either the additive or concentrate of the first or second aspect, or (a), (b) and 
(c) as defined in the first aspect. 

10 In a fourth aspect, the invention provides a process for the manufacture of the fuel 
oil composition of the third aspect, comprising: 

(i) obtaining a fuel oil, and 

15 (ii) blending therewith either the additive or concentrate composition of any 
preceding claim, or the components (a), (b) and (c) as defined in any 
preceding claim. 

In a fifth aspect, the invention provides the use of the reaction product (b) as 
20 defined in the first aspect as an additive for a fuel oil composition comprising (a) 
and (c) as defined in the first aspect. 

In a sixth aspect, the invention provides the use of the additive or concentrate 
composition of the first or second aspect in fuel oil. 

25 

In a seventh aspect, the invention provides a method of operating an oil refinery 
or fuel oil manufacturing facility comprising: 

(i) manufacturing a fuel oil with low temperature properties insufficient to meet 
30 the required technical specification for that oil, 
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(ii) improving such properties through the addition thereto of either the additive 
or concentrate composition of any of the first or second aspect, or the 
components (a), (b) and (c). sufficient to meet the required specification is 
in an amount. 

5 

In other aspects, the invention provides an additive composition obtainable by 
admixture of (b) and (c) as defined in the first aspect, the use of such composition 
in a fuel oil, and a fuel oil composition comprising fuel oil and the combination of 
(b)and(c). ^ 

10 

The reaction product (b) shows excellent physical compatibility with co-additives 
(a) and (c), whilst reducing the problem of CFPP regression and even improving 
the fuel oil CFPP over that obtained only with additive (a). Furthermore, co- 
additive (b) improves the lubricity performance of the fuel oil. The additive 
15 combination of (b) and (c) provides good wax antisettling performance and 
lubricity enhancement in fuel oils. 

Preferably, (b) is combined with an amine bearing at least one hydrocarbyl 
substituent. Such preferred embodiments further enhance the wax anti-settling 
20 properties of the polar nitrogen compound (c), resulting in a fuel oil composition 
with excellent CFPP and wax anti-settling characteristics, and good corrosion 
resistance. 

More preferably, (b) comprises the product obtainable by the reaction between (i) 
25 and (ii) as defined above and a further reactant (iii), wherein (iii) comprises at 
least one compound comprising one or more aromatic moieties bearing at least 
one substituent of the formula -XR^ and at least one further substituent -R^ 
wherein: 

30 - X represents oxygen or sulphur, 
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represents hydrogen or a moiety bearing at least one hydrocarbyl group, 
and 

represents a COOH or SO3H group or derivative thereof, and 

wherein X and R^ in reactants (ii) and (iii) may be the same or different. 

Such embodiments of (b) show excellent performance and provide, in particular, 
excellent CFPP and lubricity enhancement. Most preferably, such embodiments 
of (b) are also combined with the hydrocarbyl amine to give co-additives having 
the optimum balance of properties, including excellent CFPP and wax anti-settling 
enhancement, good lubricity performance, especially in fuels having sulphur 
contents of less than 0.05% by weight, such as 0.035% S by weight or less, and 
good compatibility with (a) and (c). 

The various aspects of the invention will now be described in more detail as 
follows: 

Additive Composition Aspects of the Invention 
(a) The Ethylene Polymer(s) 

Each polymer may be a homopolymer or a copolymer of ethylene with 
another unsaturated monomer. Suitable co-monomers include 
hydrocarbon monomers such as propylene, n- and i- butylene and the 
various a-olefins known in the art, such as decene-1, dodecene-1, 
tetradecene-1 , hexadecene-1 and octadecene-1 . 

Preferred co-monomers are unsaturated ester or ether monomers, with 
ester monomers being more preferred. 
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Preferred ethylene unsaturated ester copolymers have, in addition to units 
derived from ethylene, units of the formula: 

-CR'R^-CHR'- 

wherein represents hydrogen or methyl. represents -COOR^ wherein 
represents an alkyi group having from 1-12, preferably 1-9 carbon 
atoms, which is a straight chain, or, if it contains 3 or more carbon atoms, 
branched, or R^ represents 0OCR^ wherein R' represents R or H, and R 
represents H or COOR''. 

These may comprise a copolymer of ethylene with an ethylenically 
unsaturated ester, or derivatives thereof. An example is a copolymer of 
ethylene with an ester of a saturated alcohol and an unsaturated carboxylic 
acid but preferably the ester is one of an unsaturated alcohol with a 
saturated carboxylic acid. An ethylene vinyl ester copolymer is 
advantageous; an ethylene vinyl acetate, ethylene vinyl propionate, 
ethylene vinyl hexanoate, ethylene vinyl 2-ethylhexanoate, ethylene vinyl 
octanoate or ethylene vinyl versatate copolymer is preferred. Preferably, 
the copolymer contains from 5 to 40 wt% of the vinyl ester, more preferably 
from 10 to 35 wt% vinyl ester. A mixture of two copolymers, for example as 
described in US Patent No. 3.961,916, may be used. The number average 
molecular weight of the copolymer, as measured by vapour phase 
osmometry, is advantageously 1,000 to 10,000. preferably 1.000 to 5.000. 
If desired, the copolymer may contain units derived from additional 
comonomers. e.g. a terpolymer, tetrapolymer or a higher polymer, for 
example where the additional comonomer is isobutylene or disobutylene. or 
a further unsaturated ester. 

The copolymers may be made by direct polymerization of comonomers. or 
by transesterification. or by hydrolysis and re-esterification, of an ethylene 
unsaturated ester copolymer to give a different ethylene unsaturated ester 
copolymer. For example, ethylene vinyl hexanoate and ethylene vinyl 
octanoate copolymers may be made in this way. e.g. from an ethylene vinyl 
35 acetate copolymer. 



25 



30 
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Within the meaning of this specification, "copolymer" refers to a polymer 
obtained from two or more different co-monomers. 



Most preferably, (a) comprises an ethylene vinyl acetate or ethylene vinyl 
5 propionate copolymer, or a mixture thereof, or a terpolymer of ethylene and 

two vinyl esters, each giving rise to polymer units corresponding to the 
above formula. Particularly preferred are terpolymers of ethylene, vinyl 
acetate and a third unsaturated ester monomer, for example, selected from 
vinyl propionate, vinyl 2-ethyl hexanoate. or vinyl versatate. 

10 

(b) The Product of the Condensation Reaction 

Reactant (i) comprises one or more aldehydes or ketones or reactive 
equivalents thereof. By "reactive equivalent" is meant a material which 
15 generates an aldehyde under the conditions of the condensation reaction 

or a material which undergoes the required condensation reaction to 
produce moieties equivalent to those produced by an aldehyde. Typical 
reactive equivalents include oligomers or polymers of the aldehyde, 
acetals, or aldehyde solutions. 

20 

The aldehyde may be a mono- or di- aldehyde and may contain further 
functional groups, such as -COOH or -SO3 groups capable of post-reaction 
in the product (b). The aldehyde preferably contains 1-28 carbon atoms, 
more preferably 1-20. such as 1-12. carbon atoms. The aldehyde is 
25 preferably aliphatic, such as an alky! or alkenyl. The aldehyde (i) may 

comprise a mixture of different aldehydes. 

Particularly prefen"ed reactants (i) are formaldehyde, acetaldehyde, the 
butyraldehydes and substituted analogues or reactive equivalents thereof. 
30 Formaldehyde and glyoxylic acid (or pyruvic acid) are particularly 

preferred. 

Reactant (ii) preferably comprises one or more compounds wherein each 
aromatic moiety bears one substituent of the formula -XR\ More 
35 preferably, (ii) bears one substituent of the formula R^ and most preferably, 

also one substituent of the formula -XR\ X is preferably oxygen. 
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10 



20 



The or each aromatic moiety may consist exclusively of carbon and 
hydrogen or may comprise carbon, hydrogen and one or more hetero 
atoms It will be understood that, to be capable of undergoing the 
condensation reaction with reactant (i). reactant (ii) comprises at least one 
hydrogen capable of being replaced during the reaction so as to allow 
formation of a carbon-carbon bond between the aldehyde (i) and the 
reactant (ii). This hydrogen is preferably bonded to at least one aromatic 
moiety in the reactant (ii). 

Preferred aromatic moieties are selected from the following: 



(<) 

15 (ii) 



A single ring nucleus such as a benzene ring, and 



A multi-ring aromatic nucleus. Such multi-ring nuclei can be of the 
fused type (e.g. naphthalene, anthracene, indolyl etc.) or they can 
be of the bridged type, wherein individual aromatic rings are linked 
through bridging links to each other. Such bridging linkages can be 
chosen from the group consisting of carbon-carbon single bonds, 
ether linkages, sulfide linkages, polysulfide linkages of 2-6 sulphur 
atoms, sulfinyl linkages, sulfonyl linkages, methylene linkages, lower 
alkylene linkages, di(lower alkyi) methylene linkages, lower alkylene 
ether linkages, lower alkylene sulphide linkages, lower alkylene 
polysulfide linkages of 2-6 sulphur atoms, and mixtures of such 
25 bridging linkages. 

When linkages are present in the aromatic nuclei, there are usually 
no more than five such linkages per nucleus; generally however the 
aromatic nuclei are single ring nuclei or fused ring nuclei of up to 
30 four rings. 

Most preferably, the aromatic moiety is a benzene or substituted benzene 
nucleus. 

35 R' may represent a moiety bearing a hydrocarbyl group, where hydrocarbyl 

is as defined below in relation to component (c). Preferably, the 
hydrocarbyl group in is an aliphatic group, such as alkenyl or alkyI 
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group, which may be branched or preferably straight chain. The 
hydrocarbyl group in may be bonded directly to the oxygen or sulphur 
atom (represented by X in the formula -XR^) or may be bonded indirectly by 
means of a functional group, for example on ester, ether, peroxide, 
anhydride or polysulphide linkage. 

Preferably, where R^ is hydrocarbyl, the hydrocarbyl group in R^ contains 8- 
40 carbon atoms, more preferably 12-24 carbon atoms, such as 12-18 
carbon atoms. 

Most preferably, R^ is hydrogen. 

R- may independently represent those hydrocarbyl groups contemplated as 
forming part of the moiety R\ although typically R^ and R^ (where both are 
present) will on any one aromatic moiety, will be different from each other, 
and may be the same or different on different aromatic moieties. 

Preferably, R^ is an alkenyl or, more preferably, alkyi group, most 
preferably containing less than 18 carbon atoms. It has been found that 
where R^ contains 1 8 or more carbon atoms and is linear, the effectiveness 
of the product (c) as a low temperature performance enhancing additive is 
reduced. More preferably, R^ is a branched chain group, preferably an 
alkyI group. Most preferred embodiments of R^ include branched chain 
alkyI groups containing less than 16 carbon atoms, for example 4 to 16 
carbon atoms, such as groups containing 8, 9, 12 or 15 carbon atoms. 
Groups containing 9 carbon atoms are most preferred. Minor amounts of 
short chain alkyI groups (e.g. 4 carbons or less) may be present. 

Reactant (il) may be formed by the Friedel-Crafts reaction, in the presence 
of a suitable catalyst, such as boron trifluoride and its complexes with 
ether, phenol, hydrogen fluoride, and such as aluminium chloride or 
bromide. In this reaction, under conditions well known in the art, the 
aromatic moiety (substituted with group -XR^) is reacted with the 
appropriate pre-cursor of the substltuent R^ (such as the corresponding R^ 
halide) to form the desired reactant (ii). 
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The subsequent condensation reaction of (ii) with (i) is generally conducted 
in the temperature range of about 30° to about 200°C, preferably about 
80°C to about 150OC. The reaction is generally accompanied by the 
production of water which is drawn from the reaction mixture, thus driving 
the reaction to completion. This can be accomplished by conventional 
techniques such as azeotropic distillation, vacuum distillation and so forth. 

The times for the reaction and the intermediates formed thereby generally 
takes place in a period of time which is not critical and ranges from about 
0.25 to about 48 hours, usually from about 1-8 hours. 

A substantially inert, normally liquid organic solvent/diluent is often used in 
this reaction to lower viscosity but its use is not absolutely necessary. 
Often excesses of one or more reactants can be used for this purpose. 
Useful organic solvent/diluents include lower alkanols. such as butyl and 
amyl alcohols; aromatic hydrocarbons such as benzene, toluene, xylene 
and higher alkyi benzenes; aliphatic hydrocarbons such as decane, 
dodecane; napthenes and alkyI napthenes; kerosene; mineral oil; etc. and 
mixtures of two or more of any such conventional solvent/diluents. As will 
be apparent, a "substantially inert" solvent/diluent is one which does not 
react with the reactants or products in any significant amount and, 
preferably, not at all. 

The reaction of aldehyde (i) with (ii) is usually catalyzed by a base or an 
acid preferably catalyzed with an acidic catalyst such as 
p-toiuenesulphonic acid. Suitable basic catalysts include tetramethyl 
ammonium hydroxide. Up to one mole of catalyst for each mole of 
aldehyde present can be used, normally about 0.05-0.5 mole of catalyst 
per mole of (ii) is used. 

It is usually preferable to neutralize a basic catalyst with a low molecular 
weight organic or inorganic acid before proceeding further. However, such 
neutralization is not necessary. Useful acids for accomplishing such 
neutralizations include the lower alkanoic acids, such as formic acid and 
acetic acid, and inorganic acids such as sulfuric, hydrochloric, phosphonc. 
nitric acid and the like. 
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It is believed that the compositions of this invention contain bridges derived 
from the organic residue of the aldehyde linking the organic residues of the 
aromatic compound. Thus, when (i) is formaldehyde, methylene bridges 
are formed. The invention, however, is in no way intended to be limited by 
reference to such bridges. The formation of bridges may lead to linear or 
cyclic macromolecules containing units of (ii) and optionally (iii). 

An example of the condensation product was prepared by heating a stirred 
mixture of 40g branched-npnylphenol, 5.75g of 95% paraformalde and 0.1g 
p-toluene sulphonic acid monohydrate in 50 ml xylene to 80-85°C for two 
hours, followed by reflux at 150-155°C for six hours, the water of reaction 
being continuously removed via a Dean and Stark receiver. The product 
had an Mn of 2050 and an Mw of 2940. 



15 One product (c) typically has a number-average molecular weight (Mn), as 

measured by GPC against polystyrene standards, in the range of 500 to 
10,000, preferably 500 to 5,000, more preferably 500 to 2,500. The 
molecular weight distribution (Mw/Mn - wherein both Mn and Mw are 
measured by GPC) is advantageously in the range of 1 to 2, more 

20 preferably 1 to 1 .5, such as 1 .3 to 1 .4. 

Preferably, the product (b) is formed from a reactant (ii) which comprises at 
least one aliphatic hydrocarbyl-substituted phenol, such as branched chain 
Cg or Ci5 alkyi phenol. 

25 

The product (b) may be combined with at least one amine bearing at least 
one hydrocarbyl substituent. Such combination may be purely by 
admixture, but is preferably by physical or chemical associated or 
complexation. More preferably, (b) is reacted with at least one amine. 
30 more preferably to form the amine salt derivative thereof. 

The amine may contain three or four, or preferably one or two, hydrocarbyl 
substituents. Amines with two substituents are most preferred. The 
substituents may be aliphatic, for example alkyI or alkenyl groups, and may 
35 contain up to 40 carbon atoms, for example up to 28 carbon atoms. 
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Straight-chain aikyi groups, for example having 12 to 28. preferably 12 to 
20, carbon atoms are most preferred. 

Particularly useful amines include dicocoamine, dihydrogenated 
tallowamine, and mixtures thereof. 

In a preferred embodiment, product (b) may be formed by the reaction of 
(i). (ii) and at least one further reactant (iii). In (iii). the or each substituent 
-XR' may be the same or different to the or each substituent -XR' found on 
reactant (ii). although advantageously the substituents may both be -OH 
groups. 

Preferably, (ii) and (iii) each bear one -XR' substituent and. more 
preferably, each bear one -OH substituent. In reactant (iii). the 
preferments for -X and R' are those already described in relation to 
reactant (ii). WAh the proviso that within an individual product (b) the 
substituents -XR' on units derived from (ii) and (iii) may be different. 

Substituent R^ is preferably -COOH or -SO3H. 

Optionally, the aromatic moiety in reactant (iii) may additionally bear one or 
more further substituents, for example of the formula -R'. wherein R' is as 
described in relation to reactant (ii). with the proviso that within individual 
product (b) the substituents -R' on units derived from (ii) and (iii) may be 
different. 

Most preferably, (iii) is salicylic acid or a substituted derivative thereof, or 
p-hydroxy-benzoic acid or a substituted derivative thereof. 

Where product (b) is obtained from the simultaneous condensation of 
reactants (i). (ii) and (iii). the reaction conditions maybe as previously 
described. As an example, a stirred mixture of 40g branched nonylphenol. 
3.1g salicylic acid. 6.44 g of 95% paraformaldehyde and 0.1g p-toluene 
sulphonic acid monohydrate in 50 ml xylene was heated to 80-85»C for two 
hours, followed by reflux at 150-155°C for six hours, the water of reaction 
being continuously removed via a Dean and Stark receiver. The resulting 
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nonylphenol-formaldehyde-salicylic acid condensation product had an Mn 
of 1 960 and an Mw of 2900. 

Alternatively, (b) may be obtained by the reaction of (i) and (ii) to form a 
condensation product, followed by further reaction with (iii) to form a 
product wherein the units derived from (iii) are for example predominantly 
terminally positioned. An example was prepared by heating a stirred 
mixture of 40g nonylphenol. 5.5g of 95% paraformaldehyde and 0.1g p- 
toluene sulphonic acid monohydrate in 50 ml xylene to 80-85°C for four 
hours, followed by addition thereto of 3.1 g salicylic add reflux for five hours 
at 152-158°C. The water of reaction was continuously removed via a Dean 
and Stark receiver. The resulting nonyl-phenol-formaldehyde-saiicylic acid- 
condensation product had an Mn of 1 540 and an Mw of 2200. 

Alternatively, (b) may be obtained by the reaction of (i) and (ii) to form a 
condensation product, followed by partial carboxylatlon or sulphonation 
such that some units derived from (ii) are converted in situ into units having 
structures corresponding to those of (iii). Such products also fall within the 
scope of this invention. 

More preferably, the products obtainable from reaction of (i), (ii) and (iii) 
are combined with at least one amine, as described above. In such 
products, the amine is preferably reacted with the substituents of the 
formula -R^, e.g. the -COOH or -SO3H groups, so as to form the amine salt 
derivatives thereof; although salt formation may additionally occur via any - 
OH substituents. 

Most preferred as the product (b) are embodiments obtainable from at least 
one alkyi phenol (i) wherein the alkyi substituent contains no more than 1 5 
carbon atoms, formaldehyde or a reactive equivalent thereof, and (iii) 
salicylic acid, and wherein the amine is an alkyi or dialkyi amine, preferably 
as described above and more preferably selected form dihydrogenated 
tallowamine, dicocoamine, and mixtures thereof. 

The additive composition of the first aspect is obtainable, and preferably obtained, 
by admixture of the components (a), (b) and (c). The admixture may for example 
be achieved by blending together the components in a suitable vessel, or for 
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example by injection of one or more components into the other. Where injection 
on blending is used, all components may be admixed at the same point and time, 
or at different points and times in the additive blending facility. 

In this specification, the expression "obtainable by admixture" refers both to 
compositions in which the components (a), (b) and (c) exist discretely in their 
individual forms, and also to compositions in which, after admixture, interaction 
between one or more of the components (including, where present, further 
optional additive components) such as complexation or other in-situ physical or 
chemical association leads to a loss of the discrete identity of the individual 
components, but without detracting significantly from the performance of the 
additive composition. Similarly, the additive compositions of the first aspect may 
be obtained by the admixture of precursors to components (a), (b) and (c) and 
subsequent reaction to form the desired components in-situ in the additive 
composition. 

(c) The Oil Soluble Polar Nitrogen Compound 

Such compounds carry one or more, preferably two or more, substituents of 
the formula >NR", where R^^ represents a hydrocarbyl group containing 8- 
40 carbon atoms, which substituent or one or more of which substituents 
may be In the form of a cation derived therefrom. R'^ preferably represents 
an aliphatic hydrocarbyl group containing 12-24 carbon atoms. The oil 
soluble polar nitrogen compound is capable of acting as a wax crystal 
growth inhibitor in fuels. 

Preferably, the hydrocarbyl group is linear or slightly linear, i.e. it may have 
one short length (1-4 carbon atoms) hydrocarbyl branch. When the 
substituent is amino, it may carry more than one said hydrocarbyl group, 
which may be the same or different. 

The term, "hydrocarbyl" as used in this specification refers to a group 
having a carbon atom directly attached to the rest of the molecule and 
having a hydrocarbon or predominantly hydrocarbon character. Examples 
include hydrocarbon groups, including aliphatic (e.g. alkyi or alkenyl). 
alicyclic (e.g. cydoalkyi or cycloalkenyl), aromatic, and alicyclic substituted 
aromatic, and aromatic substituted aliphatic and alicyclic groups. Aliphatic 
groups are advantageously saturated and more preferably linear. These 
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groups may contain non-hydrocarbon substituents provided their presence 
does not alter the predominantly hydrocarbon character of the group. 
Examples include keto, halo, hydroxy, nitro, cyano, alkoxy and acyl. If the 
hydrocarbyl group is substituted, a single (mono) substituent is preferred. 

5 

Examples of substituted hydrocarbyl groups include 2-hydroxyethyl, 
3-hydroxypropyl, 4-hydroxybutyl, 2-ketopropyl. ethoxyethyl, and 
propoxypropyl. The groups may also or alternatively contain atoms other 
than carbon in a chain or ring otherwise composed of carbon atoms. 
10 Suitable hetero atoms Include, for example, nitrogen, sulphur, and, 

preferably, oxygen. 

The polar nitrogen compound may comprise one or more amino or imino 
substituents. More especially, the or each amino or imino substituent is 
15 bonded to a moiety via an intermediate linking group such as -CO-, -C02^" 

), -S03(-) or hydrocarbylene. Where the linking group is anionic, the 
substituent is part of a cationic group, as in an amine salt group. 

When the polar nitrogen compound carries more than one amino or imino 
20 substituent, the linking groups for each substituent may be the same or 

different. 

Suitable amino substituents are long chain C12-C40 ■ preferably C12-C24. 
alkyi primary, secondary, tertiary or quaternary amino substituents. 



25 



30 



Preferably, the amino substituent is a dialkylamino substituent, which, as 
indicated above, may be in the form of an amine salt thereof; tertiary and 
quaternary amines can form only amine salts. Said alkyI groups may be 
the same or different. 



Examples of amino substituents Include dodecylamino, tetradecylamino, 
cocoamino, and hydrogenated tallow amino. Examples of secondary amino 
substituents Include dioctadecylamino and methylbehenylamino. Mixtures 
of amino substituents may be present such as those derived from naturally 
35 occurring amines. Preferred amino substituents are the secondary 

hydrogenated tallow amino substituent, the alkyI groups of which are 
derived from hydrogenated tallow fat and are typically composed of 
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approximately 4% Cu, 31% and 59% Ca n-alkyi groups by weight, and 
the dicocoamino substituent, composed predominantly of C12 and C14 n- 
alkyl groups. 

Suitable imino substituents are long chain C12-C40. preferably C12-C24, alkyI 
substituents. 

Said polar nitrogen compound is preferably monomeric (cyclic or non- 
cyclic) or aliphatic polymeric, but is preferably monomeric. When non- 
cyclic, it may be obtained from a cyclic precursor such as an anhydride or a 
spirobislactone. 

The cyclic ring system of the compound may include homocyclic. 
heterocyclic, or fused polycyclic assemblies in which the cyclic assemblies 
may be the same or different. Where there are two or more such cyclic 
assemblies, the substituents may be on the same or different assemblies, 
preferably on the same assembly. Preferably, the or each cyclic assembly 
is aromatic, more preferably a benzene ring. Most preferably, the cyclic 
ring system is a single benzene ring when it is preferred that the 
substituents are in the ortho or meta positions, which benzene ring may be 
optionally further substituted. 

The ring atoms in the cyclic assembly or assemblies are preferably carbon 
atoms but may for example include one or more ring N. S or O atom, in 
which case or cases the compound is a heterocyclic compound. 

Examples of such polycyclic assemblies include: 

(i) Condensed benzene structures such as naphthalene, anthracene. 
30 phenanthrene, and pyrene, 

(ii) Condensed ring structures where none of or not all of the rings are 
benzene such as azulene. indene. hydroindene. fluorene. and 
diphenylene oxides, 



20 



25 



35 



(iii) Rings joined "end-on" such as diphenyl, 
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(iv) Heterocyclic compounds such as quinoline, indole, 2:3 
dihydroindole, benzofuran, coumarin. isocoumarin, benzothiophen. 
carbazole and thiodiphenylamine, 

5 (v) Non-aromatic or partially saturated ring systems such as decaiin (i.e. 

decahydronaphthalene), a-pinene, cardinene. and bornylene, and 

(vi) Three-dimensional structures such as norbornene, bicycloheptane 
(i.e. norbomane), bicyclooctane. and bicyclooctene. 

10 

Examples of polar nitrogen compounds are described below: 

(i) Amine salts and/or amides of mono- or poly- carboxylic acids or 
reactive equivalents thereof (e.g. anhydrides), e.g. having 1-4 
15 carboxylic acid groups. Each may be made, for example, by 

reacting at least one molar proportion of a hydrocarbyl substituted 
amine with a molar proportion of the acid or its anhydride. 

When an amide is formed, the linking group is -CO-; when an amine 
20 salt is formed, the linking group is -COa^'). 

The acid may be cyclic or non-cyclic. Examples of cyclic moieties 
are those where the acid is cyclohexane 1 ,2-dicarboxylic acid; 
cyclohexane 1 ,2-dicarboxylic acid; cyclopentane 1 .2-dicarboxylic 

25 acid; and naphthalene dicarboxylic acid. Generally, such acids have 

5-13 carbon atoms In the cyclic moiety. Preferred such cyclic acids 
are benzene dicarboxylic acids such as phthalic acid, isophthalic 
acid, and terephthallc acid, and benzene tetracarboxylic adds such 
as pyromelletic acid, phthalic acid being particularly preferred. US- 

30 A-4,21 1 ,534 and EP-A-272,889 describe polar nitrogen compounds 

containing such moieties. 

Examples of non-cyclic acids are those when the acid is a long chain 
alkyi or alkylene substituted dicarboxylic acid such as a succinic 
35 acid, as described in US-A-4, 147.520 for example. 
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Other examples of non-cyclic acids are those where the acids are 
nitrogen containing acids, for example alkylene diamine tetra acetic 
an-propionic acids such as ethylene diamine tetra acetic acid, an 
nitriloacetic acid, as described in DE-A-3.91 6,366. 

Further examples are the moieties obtained where a dialkyi 
spirobislactone is reacted with an amine, as described in EP-A- 
413,279. 

(ii) Polar nitrogen compounds of the general formula: 

A X— 

\^ 

3/ \y— r2 

in which -Y-R^ is S03<-><*>NR3R^ -SOa^^^'HNRf R^ 
-S03«<^>H2NR^R^ -S03"'*^H3NR^ -SOaNR^R^ or -SO3R'; and -X-R^ is 
-Y-R^ or -CONR^R\ -CO^^^^^^NRi R\ -CO^^'^^HNRi R\ 
-R^-COOR,. -NR^COR\ -R^OR\ -R^0C0R\ -R^R^ -N(COR=)R^ or 
Z"<*>NRi R'; -Z<-> is SOa*"' or -C02^-\ 

R' and R' are alkyl. alkoxyalkyi or polyalkoxyalkyi containing at least 
1 0 carbon atoms in the main chain. 

R^ is hydrocarby! and each R^ may be the same or different and R^ 
is absent or is Ci to Cs alkylene and in: 

C 
I 



the Carbon-Carbon (C-C) bond is either: 
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(a) Ethylenically unsaturated when A and B may be alkyi, alkenyl 
or substituted hydrocarbyl groups or. 

(b) Part of a cyclic structure which may be aromatic, poiynuclear 
5 aromatic or cyclo-aliphatic, 

it is preferred that X-R^ and Y-R^ between them contain at least 
three alkyi. alkoxyalkyi or polyalkoxyalkyi groups. 

10 Multicomponent additive systems may be used and the ratios of 

additives to be used will depend on the fuel to be treated, 

(iii) Amines or diamine salts of: 
15 (a) A sulphosuccinic acid. 

(b) An ester or diester of a sulphosuccinic acid. 

(c) An amide or a diamide of a sulphosuccinic acid, or 

(d) An ester amide of a sulphosuccinic acid. 



20 



(iv) Chemical compounds comprising or including a cyclic ring system, 
the compound carrying at least two substituents of the general 
25 formula (I) below on the ring system: 

.A-NR1r2 (I) 

where A is an aliphatic hydrocarbyl group that is optionally 
interrupted by one or more hetero atoms and that is straight chain or 
30 branched, and R^ and R^ are the same or different and each is 

independently a hydrocarbyl group containing 9-40 carbon atoms 
optionally interrupted by one or more hetero atoms, the substituents 
being the same or different and the compound optionally being in 
the form of a salt thereof. 



35 



Preferably, A has from 1-20 carbon atoms and is preferably a 
methylene or polymethylene group. 
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Each hydrocarbyl group constituting R' and in the invention 
(Formula 1) may for example be an alkyi or alkylene group or a 
mono- or poly- alkoxyalkyi group. Preferably, each hydrocarbyl 
group is a straight chain alkyI group. The number of carbon atoms 
in each hydrocarbyl group is preferably 16-40, more preferably 16- 
24. 

Also, it is preferred that the cyclic system is substituted with only two 
substituents of the general formula (I) and that A is a methylene 
group. 

Examples of salts of the chemical compounds are the acetate and 
the hydrochloride. 

The compounds may conveniently be made by reducing the 
corresponding amide, which may be made by reacting a secondary 
amine with the appropriate acid chloride. WO 9407842 describes 
other compounds (Mannich bases) in this classification. 

A condensate of long chain primary or secondary amine with an 
aliphatic carboxylic acid-containing polymer, such as a polymer of 
maleic anhydride and one or more unsaturated monomers, for 
example ethylene or another a olefin such as Cs-Cm a olefin. 

Specific examples include polymers such as described in 
GB-A-2.121,807, FR-A-2,592,387 and DE-A-3.941 ,561 ; and also 
esters of telemer acid and alkanoloamines such as described In 
US-A-4,639.256; and the reaction product of an amine containing a 
branched carboxylic acid ester, an epoxide and a mono-carboxylic 
acid polyester such as described in US-A4,631,071. 

EP-0.283.292 describes amide containing polymers, EP-0,343,981 
describes amine salt containing polymers. 

It should be noted that the polar nitrogen compounds may contain 
other functionality such as ester functionality. 
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The most preferred polar nitrogen compounds are those wax anti- 
settling additives comprising the amides and/or amine salts, or 
mixtures thereof, of aromatic or aliphatic polycarboxylic acid (or 
reactive equivalents thereof) and alkyi or dialkyi amines, such as 
those formed from the following: 

(i) Benzene dicarboxyiic acids (or anhydrides thereof), such as 
phthalic anhydride [which isomers?], 

(ii) Alkylene di- or polyamine tetraacetic or tetra propionic acids, 
such as EDTA (Ethylene Diamine Tetraacetic Acid), and 

(iii) AlkyI or alkenyl substituted succinic acids. 

The preferred amines include dialkyi amines having 10-30, 
preferably 12-20 carbon atoms in each alkyI chain, for example 
dihydrogenated tallow amine or dicocamine. or mixtures thereof. 

20 Compounds resulting from the reaction of phthalic anhydride and 

dialkyi amines, such as those specified above, are most preferred. 

Co-additives 

25 The additive composition may additionally comprise one or more co-additives 
useful in fuel oil compositions. Such co-additives include other cold flow 
improving additives, such as one or more additives selected for the following 
classes: 

30 (i) comb polymers 

(ii) linear ester, ether, ester/ethers and mixtures thereof; 

(iii) non-ethylene hydrocarbon polymers, and 

(iv) hydrocarbylated aromatic compounds. 

35 Such co-additives are described in more detail below. 
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(i) Generally, comb polymers consist of molecules in which long chain 
branches such as hydrocarbyl branches, optionally interrupted with one or 
more oxygen atoms and/or carbonyl groups, having from 12 to 30 such as 
14 to 20, carbon atoms, are pendant from a polymer backbone, said 
branches being bonded directly or indirectly to the backbone. Examples of 
indirect bonding include bonding via interposed atoms or groups, which 
bonding can include covalent and/or electrovalent bonding such as In a 
salt. Generally, comb polymers are distinguished by having a minimum 
molar proportion of units containing such long chain branches. 

Advantageously, the comb polymer is a homopolymer having, or a 
copolymer at least 25 and preferably at least 40. more preferably at least 
50, molar per cent of the units of which have, side chains containing at 
least 12 atoms, selected from for example carbon, nitrogen and oxygen, in 
a linear chain or a chain containing a small amount of branching such as a 
single methyl branch. 

As examples of preferred comb polymers there may be mentioned those 
containing units of the general formula 

— /CDE - CHG^ ^ CJK - CHL V- 



Where D represents COOR". 0C0R^\ R^^COOR^^ or OR"; 
E represents H. D or R"; 
G represents H or D; 

J represents H. R^', R^'COOR". or a substituted or unsubstituted 
aryl or heterocyclic group; 

K represents H. COOR^'. OCOR'^ OR" or COOH; 

L represents H, R". COOR". OCOR" or substituted or 

unsubstituted aryl; 

r" representing a hydrocarbyl group having 12 or more carbon 
atoms, and 

r" representing a hydrocarbyl group being divalent in the 
"COOR" group and othenvise being monovalent, 
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and m and n represent mole ratios, their sum being 1 and m being finite 
and being up to and including 1 and n being from zero to less than 1. 
preferably m being within the range of from 1.0 to 0.4, n being in the range 
of from 0 to 0.6. R" advantageously represents a hydrocarbyl group with 
from 12 to 30 carbon atoms, preferably 12 to 24, more preferably 12 to 18. 
Preferably, R" is a linear or slightly branched alky I group and R^^ 
advantageously represents a hydrocarbyl group with from 1 to 30 carbon 
atoms when monovalent, preferably with 6 or greater, more preferably 10 or 
greater, preferably up to 24, more preferably up to 18 carbon atoms. 
Preferably. R^^ when monovalent, is a linear or slightly branched alky! 
group. When R'^ is divalent, it is preferably a methylene or ethylene group. 
By "slightly branched" is meant having a single methyl branch. 

The comb polymer may contain units derived from other monomers if 
desired or required, examples being CO. vinyl acetate and ethylene. It is 
within the scope of the invention to include two or more different comb 
copolymers. 

The comb polymers may, for example, be copolymers of maleic anhydride 
or fumaric acid and another ethylenically unsaturated monomer, e.g. an a- 
olefin or an unsaturated ester, for example, vinyl acetate as described in 
EP-A-21 4.786. It is preferred but not essential that equimolar amounts of 
the comonomers be used although molar proportions in the range of 2 to 1 
and 1 to 2 are suitable. Examples of olefins that may be copolymerized 
with e.g. maleic anhydride, include 1-dodecene. 1 -tetradecene, 
1-hexadecene, 1 -octadecene, and styrene. Other examples of comb 
polymer include methacrylates and acrylates. 

The copolymer may be esterified by any suitable technique and although 
preferred it is not essential that the maleic anhydride or fumaric acid be at 
least 50% esterified. Examples of alcohols which may be used include 
n-dodecan-1-ol, n-tetradecan-1-ol, n-hexadecan-1-ol, and n-octadecan-1- 
ol. The alcohols may also include up to one methyl branch per chain, for 
example, 1-methylpentadecan-1-ol. 2-methyltridecan-1 -ol as described in 
Ep.A-21 3,879. The alcohol may be a mixture of normal and single methyl 
branched alcohols. It is preferred to use pure alcohols rather than alcohol 
mixtures such as may be commercially available; if mixtures are used the 
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number of carbon atoms in the alkyi group is taken to be the average 
number of carbon atoms in the alkyI groups of the alcohol mixture; if 
alcohols that contain a branch at the 1 or 2 positions are used the number 
of carbon atoms in the alkyI group is taken to be the number in the straight 
chain backbone segment of the alky! group of the alcohol. 

The comb polymers may especially be fumarate or itaconate polymers and 
copolymers such as for example those described in European Patent 
Applications 153 176. 153 177. 156 577 and 225 688, and WO 91/16407. 

Particularly preferred fumarate comb polymers are copolymers of alky! 
fumarates and vinyl acetate, in which the alkyl groups have from 12 to 20 
carbon atoms, more especially polymers in which the alkyl groups have 14 
carbon atoms or in which the alkyl groups are a mixture of CiVCie alkyl 
groups, made, for example, by solution copolymerizing an equimolar 
mixture of fumaric acid and vinyl acetate and reacting the resulting 
copolymer with the alcohol or mixture of alcohols, which are preferably 
straight chain alcohols. When the mixture is used it is advantageously a 
1-1 by weight mixture of normal Cu and Ce alcohols. Furthermore, 
mixtures of the Ci4 ester with the mixed C^JC^^ ester may advantageously 
be used In such mixtures, the ratio of C,4 to C,VCi6 is advantageously In 
the range of from 1.1 to 4:1. preferably 2:1 to 7:2. and most preferably 
about 3:1, by weight. The particularly preferred fumarate comb polymers 
may. for example, have a number average molecular weight in the range of 
1,000 to 100.000, preferably 1,000 to 50,000, as measured by Vapour 
Phase Osmometry (VPO). 

Other suitable comb polymers are the polymers and copolymers of a- 
olefins and esterlfied copolymers of styrene and maleic anhydride, and 
esterified copolymers of styrene and fumaric acid as described in EP-A- 
282,342; mixtures of two or more comb polymers may be used in 
accordance with the invention and, as indicated above, such use may be 
advantageous. 

Other examples of comb polymers are hydrocarbon polymers such as 
copolymers of ethylene and at least one a-olefin, preferably the a-olefin 
having at most 20 carbon atoms, examples being n-dodecene-1 , n- 
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tetradecene-1 and n-hexadecene-1 (for example, as described in 
WO9319106. Preferably, the number average molecular weight measured 
by Gel Permeation Chromatography against polystyrene standards of such 
a copolymer is for example, up to 30,000 or up to 40,000. The 
5 hydrocarbon copolymers may be prepared by methods known in the art, for 

example using a Ziegler type catalyst. Such hydrocarbon polymers may for 
example have an isotacticity of 75% or greater. 

(ii) Such compounds comprise an ester, ether, ester/ether compound or 
10 mixtures thereof in which at least one substantially linear alkyi group 

having 10 to 30 carbon atoms is connected via an optional linking group 
that may be branched to a non-polymeric residue, such as an organic 
residue, to provide at least one linear chain of atoms that includes the 
carbon atoms of said alkyI groups and one or more non-terminal oxygen. 
15 sulphur and/or nitrogen atoms. The linking group may be polymeric. 

By "substantially linear" is meant that the alkyI group is preferably straight 
chain, but that straight chain alky! groups having a small degree of 
branching such as in the form of a single methyl group branch may be 
20 used. 

Preferably, the compound has at least two of said alkyI groups when the 
linear chain may include the carbon atoms of more than one of said alky! 
groups. When the compound has at least three of said alky I groups, there 
25 may be more than one of such linear chains, which chains may overlap. 

The linear chain or chains may provide part of the linking group between 
any two such alkyI groups in the compound. 

The oxygen atom or atoms, if present, are preferably directly interposed 
30 between carbon atoms in the chain and may. for example, be provided in 

the linking group, if present, in the form of a mono- or poly-oxyalkylene 
group, said oxyalkylene group preferably having 2 to 4 carbon atoms, 
examples being oxyethylene and oxypropylene. 

35 As indicated the chain or chains include carbon, oxygen, sulphur and/or 

nitrogen atoms. 



BNSDOCID: <WO_996 1 562A !_!_> 



SUBSTITUTE SHEET (RULE 26) 



wo 99/61562 PCT/EP99/03306 

.28- 

The compound may be an ester where the alkyi groups are connected to 
the remainder of the compound as -0-CO n alkyl. or -CO-0 n alkyI groups, 
in the former the alkyl groups being derived from an acid and the remainder 
of the compound being derived from a polyhydric alcohol and in the latter 
the alkyl groups being derived from an alcohol and the remainder of the 
compound being derived from a polycarboxylic acid. Also, the compound 
may be an ether where the alkyl groups are connected to the remainder of 
the compound as _0—n— alkyl groups. The compound may be both an 
ester and an ether or it may contain different ester groups. 

Examples include polyoxyalkylene esters, ethers, ester/ethers and mixtures 
thereof, particularly those containing at least one. preferably at least two. 
Cio to C30 linear alkyl groups and a polyoxyalkylene glycol group of 
molecular weight up to 5,000. preferably 200 to 5,000. the alkylene group 
in said polyoxyalkylene glycol containing from 1 to 4 carbon atoms. 

The preferred esters, ethers or ester/ethers which may be used may 
comprise compounds in which one or more groups (such as 2, 3 or 4 
groups) of formula -OR^= are bonded to a residue E, where E may for 
example represent A (alkylene)q, where A represents carbon or nitrogen or 
is absent, q represents an integer from 1 to 4, and the alkylene group has 
from one to four carbon atoms. A (alkylene)q for example being 
N(CH2CH2)3; C(CH2)4; or (CH2)2; and R^' may independently be 

(a) n-alkyl- 

(b) n-alkyl-CO- 

(c) n-alkyl-0CO-(CH2)n- 

(d) n-alkyl-OCO-(CH2)nCO- 

n being, for example. 1 to 34, the alkyl group being linear and containing 
from 10 to 30 carbon atoms. For example, they may be represented by the 
formula r'^'OBOR''. R'' and R'" each being defined as for R^" above, and 
B representing the polyalkylene segment of the glycol in which the alkylene 
group has from 1 to 4 carbon atoms, for example, polyoxymethylene. 
polyoxyethylene or polyoxytrimethylene moiety which is substantially linear; 
some degree of branching with lower alkyl side chains (such as in 
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polyoxypropylene glycol) may be tolerated but it is preferred that the glycol 
should be substantially linear. 

Suitable glycols generally are substantially linear polyethylene glycols 
(PEG) and polypropylene glycols (PPG) having a molecular weight of about 
100 to 5.000, preferably about 200 to 2.000. Esters are preferred and fatty 
acids containing from 10 to 30 carbon atoms are useful for reacting with the 
glycols to form the ester additives, it being preferred to use Ci8 to C24 fatty 
acid, especially behenic acid. The esters may also be prepared by 
esterifying polyethoxylated fatty acids or polyethoxylated alcohols. 

Polyoxyalkylene diesters, diethers, ether/esters and mixtures thereof are 
suitable as additives, diesters being preferred when the petroleum based 
component is a narrow boiling distillate, when minor amounts of 
monoethers and monoesters (which are often formed in the manufacturing 
process) may also be present. It is important for active performance that a 
major amount of the dialkyi compound is present. In particular, stearic or 
behenic diesters of polyethylene glycol, polypropylene glycol or 
polyethylene/polypropylene glycol mixtures are preferred. 

Other suitable esters are those obtainable by the reaction of 

(i) an aliphatic monocarboxylic acid having 10 to 40 carbon atoms, and 

(li) an alkoxylated aliphatic monohydric alcohol, wherein the alcohol has 
greater than 18 carbon atoms prior to alkoxylation and wherein the 
degree of alkoxylation is 5 to 30 moles of alkyiene oxide per mole of 
alcohol. 

The ester may be formed from a single acid reactant (i) and single alcohol 
reactant (ii), or from mixtures of acids (i) or alcohols (ii) or both. In the 
latter cases, a mixture of ester products will be formed which may be used 
without separation if desired, or separated to give discrete products before 
use. 
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The degree of alkoxylation of the aliphatic monohydric alcohol is preferably 
10 to 25 moles of alkylene oxide per mole of alcohol, more preferably 15 to 
25 moles. The alkoxylation is preferably ethoxylation. although 
propoxylatton or butoxylation can also be used successfully. Mixed 
alkoxylation, for example a mixture of ethylene and propylene oxide units, 
may also be used. 

The acid reactant (i) preferably has 18 to 30 carbon atoms, more preferably 
18 to 22 carbon atoms such as 20 or 22 carbon atoms. The acid is 
preferably a saturated aliphatic acid, more preferably an aikanoic acid. 
Alkanoic acids of 18 to 30 carbon atoms are particularly useful. n-Alkanoic 
acids are preferred. Such acids include behenic acid and arachidic acid, 
with behenic acid being preferred. Where mixtures of acids are used, it is 
preferred that the average number of carbon atoms in the acid mixture lies 
in the above-specified ranges and preferably the individual acids within the 
mixture will not differ by more than 8 (and more preferably 4) carbon 
numbers. 

The alcohol reactant (ii) is preferably derived from an aliphatic monohydric 
alcohol having no more than 28 carbon atoms, and more preferably no 
more than 26 (or better. 24) carbon atoms, prior to alkoxylation. The range 
of 20 to 22 is particularly advantageous for obtaining good wax crystal 
modification. The aliphatic alcohol is preferably a saturated aliphatic 
alcohol, especially an alkanol (i.e. alkyi alcohol). Alkanols having 20 to 28 
carbon atoms, and particularly 20 to 26. such as 20 to 22 carbon atoms are 
preferred. n-Alkanols are most preferred, particularly those having 20 to 24 
carbon atoms, and preferably 20 to 22 carbon atoms. 



Where the alcohol reactant (ii) is a mixture of alcohols, this mixture may 
comprise a single aliphatic alcohol alkoxylated to varying degrees, or a 
mixture of aliphatic alcohols alkoxylated to either the same or varying 
degrees. Where a mixture of aliphatic alcohols is used, the average 
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carbon number prior to alkoxylation should be above 18 and preferably 
within the preferred ranges recited above. Preferably, the individual 
alcohols in the mixture should not differ by more than 4 carbon atoms. 

Xhe esterification can be conducted by normal techniques known in the art. 
Thus, for example one mole equivalent of the alkoxylated alcohol is 
esterified by one mole equivalent of acid by azeotroping in toluene at 110- 
120''C in the presence of 1 weight percent of p-toluene sulphonic acid 
catalyst until esterification is complete, as judged by Infra-Red 
Spectroscopy and/or reduction of the hydroxy! and acid numbers. 

The alkoxylation of the aliphatic alcohol is also conducted by well-known 
techniques. Thus for example a suitable alcohol is (where necessary) 
melted at about 70*'C and 1 wt % of potassium ethoxide in ethanol added, 
the mixture thereafter being stirred and heated to 100**C under a nitrogen 
sparge until ethanol ceases to be distilled off, the mixture subsequently 
being heated to 1 50*^0 to complete formation of the potassium salt. The 
reactor is then pressurised with alkylene oxide until the mass increases by 
the desired weight of alkylene oxide (calculated from the desired degree of 
alkoxylation). The product is finally cooled to 90*^0 and the potassium 
neutralised (e.g. by adding an equivalent of lactic acid), 

(iii) The non-ethylene hydrocarbon polymer may be an oil-soluble 
hydrogenated block diene polymer, comprising at least one crystal I izable 
block, obtainable by end-to-end polymerisation of a linear diene, and at 
least one non-crystal lizable block, the non-crystal I izable block being 
obtainable by 1 ,2-configuration polymerisation of a linear diene. by 
polymerisation of a branched diene, or by a mixture of such 
polymerisations. 
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Advantageously, the block copolymer before hydrogenation comprises 
units derived from butadiene only, or from butadiene and at least one 
comonomer of the formula 



10 



15 



(iv) 



CHz = CR' - CR' = CHz 

wherein represents a Ci to Ce alkyi group and R' represents hydrogen 
or a Ci to Cs alkyl group. Advantageously the total number of carbon 
atoms in the comonomer is 5 to 8, and the comonomer is advantageously 
isoprene. Advantageously, the copolymer contains at least 10% by weight 
of units derived from butadiene. 

These materials are condensates comprising aromatic and hydrocarbyl 
parts. The aromatic part is conveniently an aromatic hydrocarbon which 
may be unsubstituted or substituted with, for example, non-hydrocarbon 
substituents. 



Such aromatic hydrocarbon preferably contains a maximum of these 
substituent groups and/or three condensed rings, and is preferably 

20 naphthalene. The hydrocarbyl part is a hydrogen and carbon containing 

part connected to the rest of the molecule by a carbon atom. It may be 
saturated or unsaturated, and straight or branched, and may contain one or 
more hetero-atoms provided they do not substantially affect the 
hydrocarbyl nature of the part. Preferably the hydrocarbyl part is an alkyl 

25 part, conveniently having more than 8 carbon atoms. 

In addition, the additive composition may comprise one or more other 
conventional co-additives known in the art, such as detergents, antioxidants, 
con-osion inhibitors, dehazers, demulsifiers, metal deactivators, antifoaming 
30 agents, cetane improvers, cosolvents, package compatibilities, and lubricity 
additives and antistatic additives. 

The co-additives may be added to the additive composition at the same time as 
any of the components (a), (b) and (c) or at different times. 
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The additive concentrate composition (second aspect of the invention) 

5 The concentrate comprises either the additive as defined above, or (a), (b) and (c) 
as defined above, in admixture with a compatible solvent therefor. 

Concentrates comprising the additive in admixture with a carrier liquid (e.g. as a 
solution or a dispersion) are convenient as a means for incorporating the additive 

10 into bulk oil such as distillate fuel, which incorporation may be done by methods 
known in the art. The concentrates may also contain other additives as required 
and preferably contain from 3 to 75 wt %, more preferably 3 to 60 wt %, most 
preferably 10 to 50 wt % of the additives preferably in solution in oil. Examples of 
carrier liquid are organic solvents including hydrocarbon solvents, for example 

15 petroleum fractions such as naphtha, kerosene, diesel and heater oil; aromatic 
hydrocarbons such as aromatic fractions, e.g. those sold under the 'SOLVESSO' 
tradename; alcohols and/or esters; and paraffinic hydrocarbons such as hexane 
and pentane and isoparaffins. The carrier liquid must, of course, be selected 
having regard to its compatibility with the additive and with the oil. 

20 

The additives of the invention may be incorporated into bulk oil by other methods 
such as those known in the art. If co-additives are required, they may be 
incorporated into the bulk oil at the same time as the additives of the invention or 
at a different time. 

25 

The fuel oil composition (third aspect of the invention) 

The fuel oil composition comprises either the additive or concentrate composition 
30 defined above, or (a), (b) and (c) as wax defined above, in admixture with a major 
proportion of fuel oil. 
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The fuel oil may be a hydrocarbon fuel such as a petroleum-based fuel oil for 
example kerosene or distillate fuel oil, suitably a middle distillate fuel oil. i.e. a fuel 
oil obtained in refining crude oil as the fraction between the lighter kerosene and 
jet fuels fraction and the heavier fuel oil fraction. Such distillate fuel oils generally 
boil within the range of about 100X to about 500X. e.g. 150<» to about 400''C. for 
example, those having a relatively high Final Boiling Point of above 360X (by 
ASTM-D86). Middle distillates contain a spread of hydrocarbons boiling over a 
temperature range. They are also characterised by pour, cloud and CFPP points, 
as well as their initial boiling point (IBP) and final boiling point (FBP). The fuel oil 
can comprise atmospheric distillate or vacuum distillate, or cracked gas oil or a 
blend in any proportion of straight run and thennally and/or catalytically cracked 
distillates. The most common petroleum distillate fuels are kerosene, jet fuels, 
diesel fuels, heating oils and heavy fuel oils, diesel fuels and heating oils being 
preferred. The diesel fuel or heating oil may be a straight atmospheric distillate, 
or may contain minor amounts, e.g. up to 35 wt %. of vacuum gas oil or cracked 
gas oils or both. 

Heating oils may be made of a blend of virgin distillate, e.g. gas oil. naphtha, etc. 
and cracked distillates, e.g. catalytic cycle stock. A representative specification 
for a diesel fuel includes a minimum flash point of 38«C and a 90% distillation 
point between 282 and 380»C (see ASTM Designations D-396 and D-975). 



25 



Also, the fuel oil may be of animal or vegetable oil origin (i.e. a 'biofuel'). or a 
mineral oil as described above in combination with one or more biofuels. 
Biofuels. being fuels from animal or vegetable sources, are obtained from a 
renewable source. Within this specification, the term "biofuel" refers to a 
vegetable or animal oil or both or a derivative thereof. Certain derivatives of 
vegetable oil. for example of rapeseed oil. e.g. those obtained by saponification 
and re-esterification with a monohydric alcohol, may be used as a substitute for 
30 diesel fuel. 
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Vegetable oils are mainly triglycerides of monocarboxylic acids, e.g. acids 
containing 10-25 carbon atoms and have the following formula: 

CH2OCOR 
I 

CHOCOR 
I 

CH2OCOR 

where R is an aliphatic radical of 10-25 carbon atoms which may be saturated or 
unsaturated. 

Generally, such oils contain glycerides of a number of acids, the number and kind 
varying with the source vegetable of the oil. 

Examples of oils are rapeseed oil, coriander oil, soyabean oil, cottonseed oil, 
sunflower oil, castor oil, olive oil, peanut oil, maize oil, almond oil, palm kernel oil, 
coconut oil. mustard seed oil, beef tallow and fish oils. Rapeseed oil, which is a 
mixture of fatty acids partially esterified with glycerol, is preferred as it is available 
in large quantities and can be obtained in a simple way by pressing from 
rapeseed. 

Examples of derivatives thereof are alkyi esters, such as methyl esters, of fatty 
acids of the vegetable or animal oils. Such esters can be made by 
transesterification. 

As lower alkyI esters of fatty acids, consideration may be given to the following, 
for example as commercial mixtures: the ethyl, propyl, butyl and especially methyl 
esters of fatty acids with 12 to 22 carbon atoms, for example of lauric acid, 
myristic acid, margaric acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, 
elaidic acid, petroselic acid, ricinoleic acid, elaeostearic acid, linoleic acid, 
linolenic acid, eicosanoic acid, gadoleic acid, docosanoic acid or erucic acid, 
which have an iodine number from 50 to 150. especially 90 to 125. Mixtures with 
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particularly advantageous properties are those which contain mainly, i.e. to at 
least 50 wt % methyl esters of fatty acids with 16 to 22 carbon atoms and 1 . 2 or 3 
double bonds. The preferred lower alky! esters of fatty acids are the methyl 
esters of oleic acid, iinoleic acid, linolenic acid and erucic acid. 

Commercial mixtures of the stated kind are obtained for example by cleavage and 
esterification of natural fats and oils by their transesterif.cation with lower aliphatic 
alcohols. For production of lower alkyi esters of fatty acids it is advantageous to 
start from fats and oils with high iodine number, such as. for example, sunflower 
oil, rapeseed oil. coriander oil. castor oil. soyabean oil, cottonseed oil. peanut oil 
or beef tallow. Lower alkyI esters of fatty acids based on a new variety of 
rapeseed oil. the fatty acid component of which is derived to more than 80 wt % 
from unsaturated fatty acids with 18 carbon atoms, are preferred. 

The effective concentration of the combination of (a), (b). and (c) in the oil may for 
example be in the range of 1 to 5.000 ppm (active ingredient) by weight per 
weight of fuel, for example 10 to 5.000 ppm such as 25 to 2500 ppm (active 
ingredient) by weight per weight of fuel, preferably 50 to 1 000 ppm. more 
preferably 100 to 800 ppm. Where co-additives are also present, the 
concentration of the additive composition may be correspondingly higher, for 
example 10 to 10.000 ppm (active ingredient) such as 50 to 5.000 ppm, more 
preferably 100 to 2.500 ppm. 



25 



30 



Other Aspects Of the Invention 

In relation to the process and method aspects, the fuel oil may be manufactured 
according to known refinery practices, including appropriate treatment of the 
various fuel streams by hydrofining or desulphurisation in the case of fuels having 
sulphur contents below 0.05%. and more especially 0.035% by weight per weight 
of fuel Such base fuel oils may deliberately be manufactured with insufficient low 
temperature properties (for example, a CFPP too high to meet the required fuel 
specification) or insufficient lubricity properties (as measured, for example, by the 
High Frequency Reciprocating Rig ('HFRR") test), and subsequently treated with 
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the additives of the invention in order to achieve the properties required by- 
specification or customer applications. Such fuel production processes and 
methods also provide the refiner or fuel producer with the possibility of cost 
savings. allov\/ing the diversion of better-performing but more expensive fuel 
5 streams into higher-profit applications whilst maintaining adequate fuel quality 
through the use of performance-enhancing additives. 

In one use aspect of the invention, component (b) may be used in fuel 
compositions already containing (a) and (c) particularly in order to reduce the 
10 problem of CFPP regression but also (or alternatively) to improve fuel wax anti- 
settling performance and/or lubricity performance. Alternatively, (b) may be used 
in additive compositions comprising (a) and (c) in order to provide the same 
technical advantages upon addition of the combination of additives to the fuel. 

15 In a further use aspect of the invention, the additive or concentrate, or (a), (b) and 
(c), is used in fuel oil preferably to improve low temperature properties (especially 
low temperature filterabllity performance), and/or lubricity performance and/or wax 
anti-settling performance of the fuel. 

20 In the process, method, use and other aspects of the invention, the preferred 
embodiments of (a), (b) and (c) are those as described under the additive 
composition aspects of the invention. 

The invention will now be described by means of example only as follows: 

25 

Example 1: Avoidance of CFPP regression 

A commercial winter diesel fuel 1, obtained from a service station in the 
30 Netherlands and already treated with ethylene-vinyl ester copolymers to improve 
fuel CFPP, was further treated with a wax anti-settling additive C and co-additives 
Bi, Ba, Ba and 84 according to this invention, to give the results shown In Table 1. 

35 Fuel 1 had the following characteristics: 
Cloud point -7°C 
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Wax appearance temp. -20°C 

Distillation characteristics {D-86) 1 BP 1 87.4°C 

10% 204.6°C 

50% 261. rc 

90% 343. 1°C 

FBP 364.3°C 
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10 Additives Used 

Additive C an oil-soluble polar nitrogen compound, being the reaction product of 
one molar equivalent of phthalic anhydride and iwo molar equivalents of 
dihydrogenated tallow amine, predominantly the 'half-amide, half-amine salt- 
is product. 

Additive B, the condensation reaction product of a branched C, alkyi phenol and 
formaldehyde (added as trioxan). having a number average molecular weight (Mn) 
of 1100. 

20 

Additive B2 the condensation reaction product of branched C, alkyI phenol, 
formaldehyde (added as trioxan) and salicylic acid, the alkyI phenol and salicylic 
acid having reacted in a molar ratio of 9:1 (based on a 4:1 charge ratio with 
removal of excess unreacted salicyclic acid) and the product having an Mn of 
25 1500. 

Additive B3- the product B2 reacted with a commercial dicocoamine mixture (a 
dialkylamine predominating in C,2 and C14 n-alkyi substituents) in a weight ratio of 
82: amine of 4:1. 

Additive B4: the product B2 reacted with a commercial dihydrogenated tallow 
amine mixture (a dialkylamine predominating in Cie and Cie n-aikyi substituents) 
in a weight ratio of B2:amine of 4: 1 . 



30 
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Table 1 - CFPP results in Fuel 1 
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Experiment 
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present 


None 


none 


-20'*C 


N/A 
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present 


None 
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-18X 
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present 
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present 


None 


1 nn 


• 1 1 w 
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present 


50 


so 


-22*C 


-2*C 
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present 


50 


50 


-24*C 


-4"C 
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present 


50 


50 


-27X 


-7"C 


8 


present 




50 


•"27*^0 


-7''C 






50 








9 


present 


50 


75 


-15"C 


5'C 


10 


present 


50 


75 


-22**C 


-2°C 


11 


present 


50 


75 


-24"C 


-4°C 



As seen from Table 1, the combination of EVA copolymer and wax anti-settling 
5 additive C showed significant CFPP regression of up to 9°C. In contrast, inclusion 
of co-additives Bi to B4 inclusive gave enhanced CFPP results when used with 
additive C at 50 ppm. Similarly, additives B2 to 83 gave enhanced CFPP at 75 
ppm of Additive C (in the right hand column, a negative CFPP regression 
indicates enhanced CFPP). 81. when used with 75 ppm of Additive C, reduced 
10 the regression from 9°C (experiment 3) to 5'C (experiment 9), i.e. a 4*C 
improvement in fuel performance. 



Example 2: Enhancement of wax anti-settling performance 

15 

A second diesei fuel 2 also treated with ethylene vinylester copolymer additives to 
reduce CFPP was further treated with the same additives, the results being shown 
in Table 2. 

20 Table 2 - CFPP and wax antisettling results in Fuel 2 



Experiment 




Additives 


1 CFPP 


1 % Wax 1 


No. 


(a) ethylene 
copolymer 


(c) Additive 
C in ppm 
(w/w) 


(b) Additive B in ppm 
(w/w) 


rc) 


Settled at 
lO^C below 
Cloud 
Point 


12 


present 


none 


None 


-16*C 


10 
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13 


present 


50 


None 




-12°C 


9 








Bi 


B2 


B4 


B5 






14 


present 


50 


50 


50 






-IQ'C 
-26°C 
-26°C 
-18*C 


10 

10 
0. VC 
8, VC 


15 
16 
17 


present 
present 
present 


50 
50 
75 




50 


50 



10 



Additive Bs was the product Bi blended with dihydrogenated tallowamine in a wt. 
ratio of 4:1. 

As seen from Table 2. 50 ppm of additive C (experiment 13) was sufficient to 
induce significant CFPP regression, whilst additives Bi to Bs inclusive all reversed 
this regression and actually enhanced CFPP. Furthermore, additives B4 and B5 
enhanced the wax anti-settling properties; in the right hand column, the lower the 
percentage value for wax settling, the lower the tendency for wax to settle out and 
hence the greater the tendency for precipitated alkanes to remain dispersed in the 
fuel. The initials "VC" represent very cloudy, a further indication of improved 
dispersion of the alkanes in the fuel. 



IS Examples: Improved lubricity performance 

The effectiveness of the combination of (b) and (c) in improving fuel lubricity was 
demonstrated in the HFRR (High Frequency Reciprocating Rig) test run at SO^C 
using a third diesel Fuel 3. 

20 

In these tests. Additive Be consisted of the condensation reaction product of a 
branched Ca alkyl phenol, formaldehyde and Salicylic acid, the phenol and 
salicylic acid have reacted in a molar ratio of 4:1 (based on sequential addition of 
the salicylic acid during reaction), which had thereafter been reacted with a 
25 commercial dicocoamine mixture in a weight ratio of 2. 1 (product: amine). 



Table 3 - Lubricitv perfonmance in Fuel 3 



Experiment 


Additives 


HFRR Result 


No. 


Additive Bs | Additive C 


(wear scar diameter, |un) 
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18 






622 


19 




1 50 ppm 


557 


20 


75 ppm 


75 ppm 


434 


21 


1 50 ppm 




531 



The combination of C and B5 improved lubricity performance, at same total treat 
rate, when compared with either component above. 
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Claims 

1 An additive composition obtainable by admixture of: 

(a) at least one ethylene polymer, 

(b) the product obtainable by the condensation reaction between: 

(i) at least one aldehyde or ketone or reactive equivalent 
thereof, and 

(ii) at least one compound comprising one or more aromatic 
moieties bearing at least one substituent of the formula -XR^ and at 
least one further substituent -R^ wherein: 

X represents oxygen or sulphur, 

represents hydrogen or a moiety bearing at least one 
hydrocarbyl group, and 

r2 represents a hydrocabyl group and contains less than 18 
carbon atoms \ft4ien linear, and 

(c) at least one oil soluble polar nitrogen compound different from (b) 
and comprising one or more substituents of the formula >NR when 
r" represents a hydrocarbyl group containing 8 to 40 carbon atoms, 
which substituent or one or more of which substituents may be in the 
form of a cation derived therefrom. 

25 2. The composition of claim 1 . wherein (a) comprises at least one ethylene- 
unsaturated ester copolymer. 

3 The composition of claim 2, wherein (a) comprises at least one ethylene- 
vinyl acetate or ethylene-vinyl propionate copolymer, or a mixture thereof. 

30 

4. The composition of claim 2 or claim 3 wherein (a) comprises a terpolymer 
of ethylene and two vinyl esters. 

5. The composition of any preceding claim, v^erein (c) comprises at least one 
35 monomeric or aliphatic polymeric compound. 



20 
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6. The composition of claim 5, wherein (c) comprises at least one amine salt 
and/or amide of a mono-or polycarboxylic acid or reactive equivalent 
thereof. 

5 7. The composition of claim 6, wherein (c) comprises one or more amides 
and/or amine salts, or mixtures thereof, of aromatic or aliphatic 
polycarboxylic acids or reactive equivalents thereof and alkyl-or 
dialkylamines. 

10 8. The composition of any preceding claims, wherein the reactant (ii) 
comprises at least one aliphatic hydrocarbyl-substituted phenol. 

9. The composition of any preceding claim, wherein (b) is combined with at 
least one amine bearing at least one hydrocarbyl substituents. 



15 



10. The composition of claim 9. v/herein (b) is reacted with at least one amine 
to form the amine salt derivative thereof. 

1 1 . The composition of any preceding claim, wherein (b) comprises the product 
20 obtainable by the reaction between (i), (ii) and a further reactant (lii). 

wherein: 

(iii) comprises at least one compound comprising one or more aromatic 
moieties bearing at least one substituent -XR' and at least one further 
substituent -R^. wherein: 
25 X represents oxygen or sulphur, 

R* represents hydrogen or a moiety bearing at least one hydrocarbyl group; 
and R^ represents a group selected from the list -COOH, -SO3H or a 
derivative thereof; 

and wherein X and in reactants (ii) and (iii) may be the same or different. 
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12. The composition of claim 11 wherein the reactant (iii) comprises salicylic 
acid or at least one substituted derivative thereof. 

1 3. The composition of claim 1 1 or 1 2 when read with claim 9 or 1 0. 

14. The composition of claim 13, wherein (b) is the reaction product of (i) 
formaldehyde or a reactive equivalent thereof, (ii) at least one alkyi phenol, 
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the alkyi substituent containing no more than 15 carbon atoms, and (iii) 
salicylic acid, and wherein the amine is an alkyl-or dialkylamine. 

15. The composition of claim 14 wherein the amine is selected from 
dihydrogenated tallow amine, dicocoamine, or mixtures thereof. 

16 An additive concentrate comprising either the additive composition of any 
preceding claim, or (a), (b) and (c) as defined in any preceding claim, in 
admixture with a compatible solvent therefor. 

1 7 A fuel oil composition comprising fuel oil and either the composition of any 
preceding claim, or (a), (b) and (c) as defined in any preceding claim. 

18. A process for the manufacture of the fuel oil composition of claim 17, 

15 comprising: 

(i) obtaining a fuel oil, and 

(ii) blending therewith either the additive or concentrate composition of 
any preceding claim, or the components (a), (b) and (c) as defined in any 
preceding claim. 

19 The use of (b) as defined in any preceding claim as an additive in a fuel oil 
composition comprising (a) and (c) as defined in any preceding claim. 
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20 



25 



20. The use of claim 1 9. wherein the use is to reduce CFPP regression. 

21 . The use of either the additive or concentrate composition of any of claims 1 
to 16. or (a), (b) and (c) as defined in any of claims 1 to 15. in fuel oil. 

22. A method of operating an oil refinery or fuel oil manufacturing facility 

30 comprising; 

(i) manufacturing a fuel oil with low temperature properties insufficient 

to meet the required technical specification for that oil, and 

(ii) improving such properties through the addition thereto of either the 
additive or concentrate composition of any of claims 1 to 16. or the 

35 components (a), (b) and (c) as defined in any of claims 1 to 15, in an 

amount sufficient to meet the required specification. 
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23. The additive composition obtainable by admixture of (b) and (c) as defined 
in claim 1 . 

24. The use of the composition of claim 23 in a fuel oil. 

25. A fuel oil composition comprising fuel oil and either the composition of 
claim 23, or (b) and (c) as defined in claim 1 . 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inte' onal AppMcation No 

PCi/tP 99/03306 



A. CLASSIFICATION OF SUBJECT MATTER ^ >^ , 

PC 6 ClOLl/14 ClOLlO/04 



According to International Patent Classittcation {IPO or to both national classiticatron and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classitication system followed by classification symbols) 

IPC 6 ClOL 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and. where practical, search temis used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with indication . where appropriate, of the relevant 



P,x 



DE 197 00 159 A (CLARIANT GMBH) 

9 July 1998 (1998-07-09) 
the whole document 

FR 2 531 448 A (LUBRIZOL CORP) 

10 February 1984 (1984-02-10) 
the whole document 

WO 93 14178 A (EXXON CHEMICAL PATENTS INC) 

22 July 1993 (1993-07-22) 
the whole document 

WO 98 16601 A (DEORE CHRISTOPHE LE 
;CAPROTTI RINALDO (GB); EXXON CHEMICAL 
PATENTS) 23 April 1998 (1998-04-23) 
the whole document 



Relevant to claim No. 



1-8, 
16-25 



1-3,5-8, 
16-25 



1-8, 
16-25 



9-15 



III 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



** Special categories of cited documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completton of the international search 



8 September 1999 



Date of mailing of the international search report 

17/09/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized offu»r 



De La Morinerie, B 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



::i D: <WO 996 1 562A 1 _l_> 



INTERNATIONAL SEARCH REPORT 



Inte' ->nal Application No 

PCi/EP 99/03306 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ^ 



Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



wo 95 33805 A (CAPROTTI RINALDO ; EXXON 
CHEMICAL PATENTS INC (US)) 
14 December 1995 (1995-12-14) 

WO 96 18706 A (EXXON CHEMICAL PATENTS INC 
;DAVIES BRIAN WILLIAM (6B); CAPROTTI RI) 
20 June 1996 (1996-06-20) 



Foim PCT/iSAi2lO (oontmuation of second sheet) (July 1992) 



page 2 of 2 



aNSDOCID: <WO 9961562A1_I_> 



INTERNATIONAL SEARCH REPORT 

formation on patent family members 



IntP onal Apptication No 

PCi/EP 99/03306 



Patent document 




Publication 


Patent family 


Publication 


cited in search repon 




date 




member(s) 


date 


DE 19700159 


A 


09-07-1998 


CA 


2226278 A 


07-07-1998 




FP 


0857776 A 


12-08-1998 






JP 


10245575 A 


14-09-1998 






NO 


980064 A 


08-07-1998 


FR 2531448 


A 


10-02-1984 


US 


4564460 A 


14-01-1986 




DC 


897486 A 


08-02-1984 






CA 


1212835 A 


21-10-1986 






DF 
uc 


3328739 A 


09-02-1984 






WIN 


361283 A B. 


10-02-1984 






FT 
r X 


832802 A B 


10-02-1984 








161461 A 


12-12-1987 






Nl 


8302704 A B. 


01-03-1984 






Nl 


9300466 A 


01-07-1993 






NO 


174512 B 


07-02-1994 






NO 


933639 A 


11-10-1993 






SE 


459814 B 


07-08-1989 






SE 


8304318 A 


10-02-1984 






US 


4559155 A 


17-12-1985 








4565550 A 


21-01-1986 






UO 


4575526 A 


11-03-1986 






UO 


4613342 A 


23-09-1986 






UO 


4623684 A 


18-11-1986 


WO 9314178 


A 


22-07-1993 


AT 


153051 T 


15-05-1997 




CA 


2128020 A 


22-07-1993 






nF 




19-06-1997 






DE 


69310716 T 


30-10-1997 






EP 


0623163 A 


09-11-1994 






JP 


7502773 T 


23-03-1995 


UO 9816601 


A 


23-04-1998 


All 


4703997 A 


11-05-1998 




FT 
r 1 


Q90789 A 


01-06-1999 






WO 


991715 A 


11-06-1999 


UO 9533805 


A 


14-12-1995 


AT 


177139 T 

X / / X 7 1 


15-03-1999 




All 


689274 B 


26-03-1998 






All 

MU 


2790695 A 

^/7W7«^ n 


04-01-1996 






All 

r\U 


6352898 A 


11-06-1998 






CA 

Vrrt 


21Q2387 A 


14-12-1995 






PN 


1150446 A 


21-05-1997 






nF 


69508079 D 


08-04-1999 






nF 


69508079 T 


19-08-1999 






FP 

cr 


0764198 A 


26-03-1997 






EP 


0921183 A 


09-06-1999 






EP 


0899323 A 


03-03-1999 






FI 


964881 A 


05-12-1996 






.IP 


10501015 T 


27-01-1998 






NH 


965221 A 


06-12-1996 






UO 


5772705 A 


30-06-1998 






7A 


9504657 A 


13-05-1996 


UO 9618706 


A 


20-06-1996 


CA 


2182993 A 


20-06-1996 




CA 


2182995 A 


20-06-1996 






CA 


2183180 A 


20-06-1996 






UO 


9618707 A 


20-06-1996 






UO 


9618708 A 


20-06-1996 






EP 


0743973 A 


27-11-1996 



Form PCT/ISAfilO (patent family annex) (July 1992) 



page 1 of 2 



BNSDOCID: <WO 9S61562A1J_> 



INTERNATIONAL SEARCH REPORT 

.ormation on patent famtly members 



Inte*" mal Application No 

PCi/lP 99/03306 



Patent family 
member(s) 


Publication 
date 


EP 


0743974 


A 


27-11-1996 


EP 


0743972 


A 


27-11-1996 


JP 


9509450 


T 


22-09-1997 


JP 


9509451 


T 


22-09-1997 


JP 


9509452 


T 


22-09-1997 


US 


5858028 


A 


12-01-1999 


US 


5833722 


A 


10-11-1998 


AT 


176274 


T 


15-02-1999 


AU 


704905 


B 


06-05-1999 


AU 


6699596 


A 


18-02-1997 


BR 


9609767 


A 


26-01-1999 


CA 


2223653 


A 


06-02-1997 


DE 


69601472 


D 


11-03-1999 


WO 


9704044 


A 


06-02-1997 


EP 


0839174 


A 


rtr 1 AAA 

06-05-1998 


ES 


2127022 


T 


01-04-1999 


FI 


980047 


A 


13-01-1998 


NO 


980143 


A 


06-03-1998 


US 


5882364 


A 


16-03-1999 



Pateni document 
Cited in search report 



Publication 
date 



WO 9618706 



Fom PCT/ISAfiiO (patent (amHy annex) (July 1992) 
BNSDOCID: <WO 9961562A1J_> 



page 2 of 2 



THIS PAGE R! ANK ^uspto) 



